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• Introduction 
Ocular staining is an integral part of a full scope optometric exam. Rose bengal, fluorescein, and 
lissamine green are the principle dyes available to the clinician in a primary care setting. Recent literature 
questions the validity of the historically accepted staining properties of these dyes. 15•27•35 The purpose of 
the literature review is to investigate existing literature on the topical uses and staining properties of rose 
bengal, lissamine green, and sodium fluorescein. A concise literature review highlighting the topical 
applications of each dye is essential to provide the clinician a working knowledge of these invaluable 
diagnostic tools. This is not meant to be an inclusive review of each dye, however, we will address the 
basic staining properties of each, and their clinical applications as presented in current literature. 
Historical perspective of each dye: 
Baeyer first synthesized sodium fluorescein in 1872 from the components resorcinol and ophthalmic 
anhydride. 11•39•41 ' 125 The use of this highly water soluble dye, in the eye care field, has grown 
tremendously since its development. 41'39'71 '96 The formulation of fluorescein has changed over the years, 
new uses and new forms of the dye are constantly being investigated.41' 110' 111 Today, this weak acid of the 
xanthine group, is the most widely used dye in eye care. The topical uses include; assessment of contact 
lens fitting, applanation tonometry, and evaluating and diagnosing anterior segment disease.39 Initially, 
the non-sterile bottles ofliquid fluorescein were discarded only when empty, or when an infection had 
actually been traced back to it.2 Bacterial contamination of both intact and damaged ocular tissue, 
especially Pseudomonus aeruginosa contagion, was soon a common problem associated with the use of 
these dropper bottles. 1 The high susceptibility of fluorescein solutions to contamination was the driving 
force behind the development of the two common forms of the dye in use today; fluorescein impregnated 
strips, and dye-anesthetic combination solutions. 1•2•43•125 Although the strips are sterile, be aware that the 
water or saline used to wet them may not be, and packages containing multiple strips are at risk for 
contamination once opened. 40 
Rose bengal is the 4,5,6,7-tetrachloro-2',4',5', 7'-tetriodo derivative offluorescein.u4 It is a water soluble 
sodium salt that is available in both solution form, ranging from 1% to 1 00/o, as well as impregnated 
sterile strips. 119 The strips were developed to decrease the amount of ocular discomfort associated with 
rose bengal application. 118 Currently, rose bengal 1% solution is a rare find, most, if not all clinics are 
limited to impregnated strips. 5 Rose bengal was first used for ocular conditions in 1914 to combat 
pneumococcal infections. 42 Kleefed, in 1919, was the first to use rose bengal for staining of corneal 
ulcers. 42 Schirmer introduced rose bengal 1% solution for revealing the conjunctival changes 
accompanying deficient tear formation. 11 In 1933, Sjogren popularized the currently accepted application 
of rose bengal to diagnose keratoconjunctivitis sicca. 7 
Lissamine green exists as sodium1-[4-dimethylamino-alpha-(4 -dimethyliminio cyclohexa-2,5-
dienylidene) benzyl]-2-hydroxynaphthalene-3,6-disulfonate. 121 It is a synthetically produced organic dye 
which exists as an acid.30 Lissamine green is available in 0.1%, 0.5%, and 1.0% solution, as well as 
impregnated sterile strips which allow easier application. 120' 121 Lissamine green was first formally used 
by Kirk et. al. for supraorbital staining of the posterior corneal surface of bank-stored eyes. 30 In 1976, 
Sauter utilized lissamine green in a vital staining capacity when evaluating screening signs of Vitamin A 
deficiency. He noted on gross observation, that lissamine green staining could be more readily seen than 
rose bengal. A year later, Kusin reported similar observations, and thus lissamine green's use as a 
diagnostic stain was established. 121 
• Diagnostic uses: 
STAINING PATIERNS: 
Historically rose bengal, lissamine green and fluorescein have been used under the prennse that they are 
vital dyes. Rose bengal, however, has in the past several years been shown not to have vital staining 
characteristics( ref here?). Fluorescein may also prove to have some components that are capable of 
staining healthy, undamaged corneas. Lissannne green's staining pattern seems to hold true to that of a 
vital dye.(refhere?) 
Rose bengal staining has historically been the dye of choice to assess corneal and conjunctival changes in 
patients with severe keratoconjunctivitis sicca and Sjogrens syndrome. Sjogren was the first to describe 
the usefulness and characteristic rose bengal staining in these patients: staining is seen in a triangle pattern 
on each side of the cornea upon the bulbar conjunctiva with the base at the limbus. The cornea is stained 
in its lower 2/3 while the upper 113 is typically not stained. 7 This staining was thought to be limited to 
devitalized cells. Informal observations by Chodosh and Launshes pointed to rose bengal staining of 
normal human cells in vivo that had not previously shown signs of degenerations. 15'27 Formal in vitro 
cellular toxicity studies of rose bengal show that cell detachment and loss of cell motility occur at 
concentrations as low as 0.001% with both commercial rose bengal and additive-free rose bengal under 
light incubation.35'23.22 Staining occurs predominately in cellular nucleii.28,3°,35 In vitro cellular toxicity 
was noted under both light and dark incubation conditions with the toxic effect being directly proportional 
to the concentration of rose bengal used and the length of cellular exposure to the dye. 35'22 When the in 
vitro cells were exposed to rose bengal (97% pure) for one minute at varying concentration in both light 
and dark conditions, statisticaJly significant survival rates were noted at concentrations ofO.Ol, 0.1, 0.5, 
and 1%, with light conditions causing the greater decrease in survival rate. 22 This additive phototoxic 
effect is also seen when rose bengal is employed for photothrombosis (article 35 ref 22-24), as well for its 
killing effects noted for such microorganisms as bacteria (article 35 ref 27,28), viruses (article 35 ref 29), 
and rabbit corneal endothelium (article 35 ref 30). Comparison of staining with 10% and 1% rose bengal 
respectively, gave the result that the higher concentration stained more frequently and more intensely in 
several regions: cornea, bulbar conjunctiva, semilunar fold, caruncle, inferior fornix, inferior tarsus, and 
conjunctiva along the ciliary margin. 42 Nom found that this staining pattern was consistent in 
pathological eyes and that staining of corneal defects was more intense in 10% concentrations of rose 
bengal versus 1%.42 Nom also reports that the use of rose bengal at higher concentrations (10%) increases 
sensitivity of staining moderately degenerated cells. 30'42 In light of these recent discoveries of the 
intrinsically toxic effects of rose bengal, however, it is suggested that the concentrations and exposure 
times be carefully monitored to avoid further cellular damage. 22 
Nom states that lissamine green is as effective as rose bengal in diagnosing keratitis, pressing contact 
lenses, keratoconjunctivitis sicca, and other pathological processes. 30 Nom describes the extent of 
lissamine green staining to include degenerate cells, dead cells, and mucus, "Its vital staining properties 
are almost identical with those of rose bengal"30•120 Like rose bengal, lissamine green predominately stains 
cellular nucleii. 28•30•35 Lissamine green naturally stains fainter than rose bengal so its observation in a 
non-injected eye requires a little more scrutiny. Staining of congested eyes, however, is more favorable 
with lissamine green as rose bengal staining is masked with a hyperemic, red eye. 30 Lissamine green 
washes out of the bulbar conjunctiva rather quickly as compared to rose bengal. Therefore, it is essential 
to observe the staining properties of lissamine green within five minutes before the tears are able to flush 
out the stain. 120 Rose bengal staining, in contrast, lasts several hours which may pose some cosmetic 
concerns. Chodosh et al. found that lissamine green staining of healthy in vitro rabbit corneal epithelium 
was undetectable at concentrations greater than or equal to 5x10-4 M with either gross inspection or light 
microscopy. Rose bengal, however, stained vividly at these concentrations. Cell viability was not lost 
after staining with 1% lissamine green after five minutes. 28 When the rabbit cells were treated with 
Triton-X (a detergent used to damage cellular membranes) both lissamine green and rose bengal stained 
vividly at comparable concentrations. 28 Thus lissamine green will stain only devitalized cells while 
rose bengal is able to stain healthy cells. Furthermore, cells stained by rose bengal may lose their 
viability. 
If rose bengal stains healthy cells in vitro, what factors inhibit staining of all healthy cells in vivo? 
Feenstra and Tseng were the first to tackle this question. They postulated that there must exist a blocking 
mechanism in vivo that prevents dye uptake. To test this they both pre-coated and pre-mixed cell cultures 
with mucin and albumin components before application of rose bengal. They found that both healthy and 
degenerated cells (pre-treatment with detergent) were devoid of staining when cell layers were pre-coated 
with mucin and albumin components for both additive-free and commercial rose bengal. Selective mucin 
and albumin components could also prevent staining when pre-mixed with rose bengal, however, they 
found that carboxymethylcellulose (carbohydrate-rich mucin layer simulant) could not block rose bengal 
staining when used in a pre-mixed manner. Thus, they concluded that the carbohydrate-rich mucin layer 
could only serve as a diffusion barrier. 35 Tseng and Zhang showed that the tear components albumin, 
lactoferrin, transferrin, and lysozyme could bind rose bengal in a dose dependant manner but that 
prealbumin, Immunoglobulin A, carboxymethyl cellulose and porcin stomach mucin, could not bind rose 
bengal. Calculation of binding constants and normal tear clearance rates, Tseng and Zhang showed that 
only 1% of applied rose bengal was actually bound to the above mentioned tear components. In light of 
Tseng and Feenstra's original experiment, Tseng and Zhang conclude that this small amount of rose 
bengal binding to nonmucin tear components could not account for the inhibition of rose bengal staining 
in vivo. They concluded, therefore, that the carbohydrate-rich mucin layer is the major contributor in 
inhibition of rose bengal staining in vivo. 112 This is supported in a study by Pflugfelder et. al. which 
showed that a reduced goblet cell density and correlated reduced mucin production showed an increase in 
rose bengal staining in patients with aqueous tear deficiency.26 Other factors to consider that may keep 
rose bengal from staining non-diseased epithelial cells in vivo include: multiple layers of corneal epithelial 
cells, state of epithelium cell differentiation, surface temperature, and movement of the globe and 
eyelids. 27 The clinical importance of these findings suggest that rose bengal will stain both damaged and 
healthy cells when not protected by a mucin layer. No direct research could be found concerning tear 
film compositions effect on lissamine green staining. 
Micropunctate corneal staining following fluorescein sodium instillation in healthy eyes with no history 
of injury, contact lens wear, or infection is a well documented phenomenon.41 •47·~ 1 .~ 5 •57•59•64,97,too,toJ The 
location of the staining, and consistency of the staining pattern, when looking at intra-subject data, varies 
day to day. 55'57 This diversity from one measurement to the next, must be considered when relying on the 
effectiveness of a single observation as a diagnostic tool. 55'57 Sequential staining over a period of time, is 
suggested as a more accurate assessment of the true micropunctate staining potential of an individual 
cornea.
57
'
100 This repetitive fluorescein instillation method, as described by Caffery and Josephson100 is 
also employed by Korb and Herman 60 as a measure for future contact lens success or failure. 103 Utilizing 
patients with no past or present ocular pathology, sequential instillation of fluorescein, every five minutes 
over a 30 minute period,, was perfonned, those patients with prior contact lens intolerance were found to 
have significant staining at approximately eight times more prevalence than those without prior contact 
lens related problems. 60 An alternative to this multiple drop method, when a patient comes in with an area 
of questionable fluorescein staining, is to recheck them after two days. If the staining was due to a nonnal 
variation, it should dissipate in that amount of time, if it persists, one must search for a cause. 57 
Classically, fluorescein staining patterns have been interpreted as pooling within intercellular spaces. The 
justification for the biomicroscopic appearance of this stain, however, is disputable. Several theories as to 
what and how fluorescein is actually behaving are as follows: 
1. Any intenuption in the continuity of the corneal epithelium is an invitation for fluorescein stain to 
enter and diffuse through the cytoplasm . 23•39'41 '59•94 Fluorescein can only penetrate sites where the 
continuity of the epithelial surface has been compromised allowing fluorescein to penetrate into 
spaces between the cells 25'57'95' 100 
2. Corneal staining is secondary to drop out of surface epithelial cells leaving an indented area in which 
fluorescein pools. 14,37'41 '47 This pooling, is not due to the staining of the cells themselves, in fact the 
authors emphatically deny the ability of fluorescein to stain the cells. Several older articles support 
the rationale that fluorescein does not stain living, devitalized, or degenerated cells or mucus. 55•100 
3. Fluorescein staining of the cornea is due to staining of the cells themselves. 64 The stained cells are 
securely part of the epithelium. 56 
Wilson et al64 challenge the drop out theory stating that cells themselves are stained with fluorescein, and 
this cellular staining is what is seen on slitlamp observation. Bright green fluorescent appearance of the 
fluorescein reveals cells that have taken up an optimal amount of fluorescein, and cells with other than 
this optimal amount of stain intake, will not fluoresce, but take on a dull brown appearance. 64 Fluorescein 
concentrations can be affected by ''quenching" phenomenon and therefor a maximum concentration is 
reached, beyond that, a decrease in the fluorescent response is seen. 38 The concept of several forms of 
fluorescein quenching is distinctively presented by Romanchuk, and is beyond the scope of this paper.41 
The dual nature of fluorescein comprised of; one bright green fluorescent component, revealing areas of 
fluid penetration into the tissues, and one slightly brown, adherent non-fluorescent component, staining 
devitalized surface elements, is shown throughout much of the literature. 35•36•61•64 The cell binding non-
fluorescent constituent has a different staining capacity than normally associated with fluorescein, 
however, it correlates well with the properties of rose bengal. 61 Adherence of fluorescein dye to diseased 
epithelial cells, appearing as a non-fluorescent color, was reported by Tabery in 1992. 61 Comparison 
using photomicrographs showed that there was no difference in the areas stained by rose bengal and those 
stained by the non-fluorescent component in patients with keratoconjunctivitis sicca (KCS) and herpes 
zoster. 61 Semi or entirely devitalized elements were stained by the adherent non-fluorescent component, 
and then highlighted by rose bengal, others were more of a mixture of the color of the two dyes. 61 This 
contradicts the well-documented belief that although fluorescein and rose bengal are chemically similar, 
fluorescein does not stain damaged cells. Fluorescein is shown to have superior abilities when compared 
to rose bengal in its ability to indicate the extent of corneal surface damage in patients with KCS and 
herpes zoster keratopathies. 61 An important step taken in the investigation of micropunctate fluorescein 
staining was Tabery's 97 in vivo study done with fluorescein and rose bengal on human corneas. The 
patients had micropunctate epitheliopathy secondary to causes ranging from keratoconjunctivitis sicca to 
toxic injuries. The staining was done in a successive manor with fluorescein instilled first. Fluorescein 
staining showed either the same or perhaps a larger extent of changes than rose bengal. 97 This study does 
not support the dropout theory of surface epithelial cells, i.e. micro erosions, but attribute the staining to 
"disruptions of intercellular junctions during the early phase of the exfoliative process." 97 This disruption 
permits the penetration and accumulation of dye beneath diseased cells in situ. The wording cystic spaces 
is developed to describe the disruptions of intercellular junctions and believed to be more accurate than 
microerosions terminology of the past. 97 The superimposition of rose bengal and fluorescein staining, 
suggests areas of rose bengal stained cells with pooling of fluorescent fluid beneath their membranes. 97 
The final conclusion reached by Tabery when discussing the non-fluorescent component of fluorescein in 
comparison to rose bengal staining: "fluorescein allows disclosure of minor disruptions in the superficial 
layer before more advanced cell changes can also be disclosed by rose bengal." 61•97 Another confusing 
factor when assessing the staining patterns of fluorescein is the research indicating its ability to stain 
normal healthy corneas. Throughout several studies, the percentage of normal corneas stained by a single 
instillation of fluorescein range from 17-37%, increasing with sequential instillation.60•47•126 
Contrary to older reports, Feenstra and Tseng23 found that fluorescein could in deed stain healthy living 
cells, however, the staining was not readily visible. The use of a fluorescent microscope was needed for 
observation. Tseng and Feenstra also found that fluorescein is not intrinsically toxic in itself(as is the case 
with rose bengal), only cellular membrane damage was noted in the presence of additives. 23 (Review 
articles 23 for more information.) Current research dealing with fluorescein is investigating the corneal 
permeability factors based on topical instillation and more complicated instrumentation to assess the 
epithelial barrier function, which is beyond the reach of this paper. 110·m 
When assessing fluorescein staining, you must take into consideration; your method of staining, the 
quantity of drops used, the length of time between instillation and observation, and the form of the dye 
used11 : 
1. Staining of the precomeal film requires frequent application of the dye if prolonged obseiVation is 
required. 
2. For surface staining of epithelial defects, instillation of a single drop, followed by lid closure for one 
minute is suggested prior to obsetVation. 
3. If penetration of the dye into the anterior chamber is desired, sequential drop instillation may be 
required. Three to six successive installations with five-minute inteiVals may be needed. 
Research looking at the viscosity of the dye solution possibly increasing its penetration ability, found that 
with increased viscosity, the conjunctival fluid is initially more fully saturated, however, the penetration 
of fluorescein into the anterior chamber showed little effect, and no increase that was proportional to this 
increasing viscosity. 5° The rate at which the fluorescein is washed out of the conjunctival sac is not 
directly due to the viscosity of the drop, but due to the secretion of the lacrimal fluid. 50 
It should be noted that when interpreting the depth of staining that fluorescein diffuses fastest through 
collagen, followed by lissamine green, while rose bengal is the slowest to diffuse through a collagen 
gel.5,28 Thus, a compromised epithelium may lead to deeper corneal staining with fluorescein and 
lissamine green as compared to rose bengal. 
• Strips versus solution: 
The staining properties of each of the dyes is not limited to ocular tissues only, the surface tissue around 
the eye is susceptible to staining with over flow from ocular instillation. Because of this property, we 
must be careful with out instillation techniques, especially with rose bengal which can stain the skin for 
an extended period of time, and all of the dyes can stain ones clothes indefinitely. We must watch for 
excess drainage onto the patients skin and/or clothing. 122The average drop size from a 5ml solution bottle 
is about 50 microliters, however, the conjunctival sac can only hold about 10-20 microliters of fluid. The 
sterile strip form of the dye allows the practitioner to better control the amount of dye that is instilled into 
the eye, as well as superior control with instillation when the patient blinks when in mid application, than 
does the solution form. In comparing the amount of dye delivered between the impregnated strips and 
solution, Snyder and Paugh118 convincingly showed that rose bengal delivered much less dye in its strip 
form as compared to the solution. Furthermore, the amount of dye from a strip elicited is directly 
correlated with the amount of time the strip is soaked in saline. Snyder and Paugh point out that the 
discrepancy between the amount of dye delivered via strips versus solutions can cause unpredictable 
variations in clinical interpretation of staining. Too much dye may disrupt the mucin layer and produce 
false positives, too little dye may not be sensitive enough to diagnose a "marginal" dry eye. Similar 
studies of lissamine green dye delivery have not been recorded but the common nature in which sterile 
strips are produced points to similar differences in available dye between the two modalities as seen in 
Snyder and Paugh's study. Fluorescein is routinely used in a solution form with an added anesthetic only, 
as well as various percentage strips forms. Because the fluorescence of the dye is affected by various 
components of the added ingredients in the drop form, the choice between strip use and drop use, must be 
procedure dependant. Specific information is available in several sections of this review pertaining to 
several procedures and recommended form of dye. 
• What to wet the strip with/ how to instill the drop or strip: 
What type of solution should be used to wet the strip? The answer to this question is either avoided by 
merely stating 'moisten strip' and not indicating with what type of solution , or the suggested types of 
solution are not consistent through out the literature. Studies addressing the concerns or inconsistencies 
related to what product the strip of fluorescein is moistened with detennine that it is important to wet the 
strip with a buffered solution to decrease the irritation and burning, as well as maximize the fluorescence 
of the fluorescein. 104' 105 Because fluorescein is influenced by the pH of the solution, it is best to use a 
nonpreserved saline. 100 The pH of a particular fluorescein solution used is responsible for the prevailing 
form of the fluorescein molecule present. 39 Fluorescein exists in many different ionic states depending on 
the pH of the solution. Below pH 2 the cationic form is most prevalent, and a weak blue green 
fluorescence transpires~ pH 7, negative ions prevail corresponding with a brilliant yellow-green 
fluorescence; plateau is reached at roughly pH 8, and above this, a decrease in fluorescence is seen. 39'41 ' 
125 Maurice showed that solutions with a pH ofless than 6.9 will fluoresce at less than one half of the 
intensity of the same solution with a pH of 7. 105 Hind and Goyan cite the importance of the pH in 
affecting the activity, stability, and irritability of a solution. Since the ideal pH for these conditions may 
not coincide, some sacrifice may be necessary. 11 Exactly where to apply the strip is also an area of 
variance through out the literature. For contact lens fit evaluation, the suggestion is to wet strip with 
ophthalmic irrigating solution and apply to superior bulbar conjunctiva with the patient gently looking 
down. 103 Other sources say to touch the fluorescein strip to the lower palpebral conjunctiva of each eye 
when evaluating fluorescein stain. 57 Having the patient looking upward and inward, is the best preset for 
instillation of the solution form. 50 
No literature was found regarding what products are best to moisten rose bengal or lissamine green strips 
with. It is assumed that a non-preserved saline at pH near 7 would be the most appropriate choice. 
(Winter: review more literature to prove?) 
Effects of other topical agents: 
When assessing staining characteristics of these three dyes it is important to understand the effects on 
staining that other drugs may have when administered in tandem, specifically anesthesia. Sjorgen 
recommended that anesthetic not be used before application of rose bengal as individuals who are 
sensitive to anesthesia may show as false positives for keratoconjuctivitis sicca. 7 Pfister et al showed the 
proparacaine affects the microvilli of the corneal surface, interfering with the adsorption of the mucin to 
the surface·< source 12 in my source 65) This lack of mucin adsorption leads to a rapid tear break-up. 108 Nom, 
however, proposed that novesin anesthesia does not cause artificial staining with rose bengal.42 Recent 
research seems to support Nom's observations. Recent studies of 0.5% tetracaine and 0.5% proparacaine 
show no effect on the health of cellular membranes in rabbit corneal epithelium. 116 Application of 
Opthaine (proparacaine hydorchloride 0.5%, benzalkonium chloride 0.01%, chlorobutanol 0.2%) actually 
has been shown to decrease the amount of cell sloughing immediately after instillation with a gradual 
increase in sloughing over the next six hours. 113•55 In a specific study comparing rose bengal staining 
before and after the application ofOpthetic (proparacaine hydrochloride 0.5%, benzalkonium chloride 
0. 01%) in healthy eyes, no substantial difference could be detected. 18 Repeat studies with lissamine green 
have not been conducted, however it is assumed that the staining patterns would be identical in a healthy 
eye. 
What about the preservatives of the dyes, do they effect staining? Thiomerosal (1 :5000 to 1: 10000), 
benzlkonium chloride (1:5000 to 1: 10000), and chlorobutanol, 0.5% have been employed for purposes of 
sterility in dyes. 11 Some preservatives have been shown to be additive to the stinging associated with 
impurities inherent in the dye and the dyes pH. 11 Lissamine green contains -------- while rose bengal 
contains--------. Studies isolating the effects of preservatives have shown that benzalkonuim chloride 
readily breaks down the penneability barrier of superficial corneal epithelial layers in a dose dependent 
manner.
5
•
115
•
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•
117 In contrast, 0.5% chlorobutanol, 0.1% disodium edatate, and 0.01% thimerosal have 
shown no effects on the health of corneal epithelium. 116 Feenstra and Tseng observed in vitro staining of 
rose bengal to be dependent upon dose used and additives present. Commercially available rose bengal 
stained rabbit corneal epithelial cells (RCE) down to 0.05%, while additive-free rose bengal stained down 
to 0.025%. The difference in staining intensity between these two solutions indicates that the commercial 
available solution used contained a less effective concentration than the additive-free solution. 1 
Stinging upon instillation varies markedly among these three dyes. Of these three, rose bengal produces 
the most ocular irritation. 42' 5 Rose bengal's well known stinging property has been shown to have a 
physiological counterpart: Tabery observed micropunctate staining following instillation of rose bengal 
w/o anesthetic as a result of disruption of neighboring cells cellular junctions. 17 Lauche showed that in 40 
nonnal eyes, 76% experience ocular irritation with instillation of rose bengal. 15 Manning et al showed 
that lissarnine green has a lower incidence of stinging in both normal eyes and eyes with 
keratoconjunctivitis sicca when compared to rose bengal. 34 Khurana et a1 show ocular irritation with rose 
bengal application in 92% of patients with dry-eye and 490/o of controls, while only 41% of dry-eye 
patients and 22% of controls experienced irritation with the application oflissarnine regen.25 Nom notes 
that rose bengal may form a precipitate, even in a 1% aqueous solution, which may add a element of 
mechanical irritation if the preciptate where to get in the eye. 42 
(/'he effects of anesthetics on the fluorescence of fluorescein can be explained in part by the acidity of the 
anesthetic solutions. However, since fluorescence is only slightly greater in the presence of a buffer, the 
anesthetic base must also be able to reduce the fluorescence to some degree. 11) 
Dry eye assessment and Tear Break-Up Time (TBUT): 
"Dry eye" is a symptom complex of all conditions that lead to abnonnalities of tear film flow and/or 
stability.25 Mild and early cases of dry eye are difficult for the clinician to assess and confidently 
diagnose. Clinically, Pflugfelder et. al. describe the process of diagnosing dry eye as a series of test 
which include but are not limited to xeroscopy, fluorescein break up time, fluorescein staining, rose 
bengal staining, fluorescein clearance test, and schirmer. 16 
Table I. Diagnostic tests of non-wetting. 124 
Flow 
Tear Deficiency 
Lipid Film 
Tear Stability 
Cell Change 
Chemical Change 
Inflanunation 
Schinner; Kinetic Schirmer; Kurihashi Thread; Fluorimetry 
Osmolarity 
Interference contrast microscopy 
Break up time; invasive or non·invasive 
Fluorescein; rose bengal; specular microscopy; coqjunctival impression; conjunctival biopsy 
Electrolytes; proteins; antimicrobials; enzymes; hexosamine 
Tear cytology; microbial culture 
Golding and Brennan studied and ranked 20 clinical tests for dry eye for their accuracy in detecting 
severe, mild and early cases of dry eye. The top four in order were rose bengal staining score, 
McMonnies questionnaire, Anderson questionnaire and fluorescein staining. 10 Kharana et.al. found the 
frequency of abnormal tear function tests observed in patients with dry eye and controls was: "rose bengal 
89% and 0%, lissamine green staining 87% and 0%, tear break-up time 79% and 14%, Schirmer test 790/o 
and 3%, and fluorescein staining 69% and 0%, respectively."25 (Because fluorescein indicates a 
discontinuity of the epithelial cells, and not a frank drying up of the epithelial cells, the authors suggest 
that "fluorescein staining is perhaps of value in dry eye, nevertheless nonspecific. "25) In 1988 Laroche 
and Campbell proposed a standardized grading scale for rose bengal staining to increase inter-practitioner 
reliability: The bulbar conjunctiva and the cornea are divided into sixteen equal segments and 
evaluated/rated according to the amount of staining observed. 114 A simpler, alternative grading system is 
offered by Nom: grade 3 areas only; (1) nasal and (2) temporal conjunctival triangles and (3) cornea. 119 
The Food and Drug Administration (FDA) proposed a slitlamp grading scale, numerically rating staining 
presentations on a continuum from 0 (none), to 4 (severe) .57 Regardless of the specific grading system 
chosen, the clinician must maintain consistency and be able to convey his/or her grading scale criterion to 
a referring doctor. 
Specific staining patterns of rose bengal were investigated in a study by Plugfelder et al. in an attempt to 
'lease apart" the physiological changes associated with dry eye. 26 They found that rose bengal staining 
was significantly more apparent in the nasal, temporal, and inferior conjunctival regions, as well as 
corneal regions with subjects suffering from aqueous tear dysfunction (ATD), versus patients with 
meibomian gland dysfunction (MGD) and controls. They also were able to show that Rose Bengal 
staining was positively correlated to mucosal epithelial mucin production. The less mucin produced, the 
more rose bengal staining observed. Lee and Tseng19 describe preferential rose bengal staining and lytic 
cytological changes in the non-exposure zones (those areas of conjunctiva and cornea covered by the lids) 
of patients with an unstable tear film suggests lipid deficiency as the antagonist. In contrast, staining in 
the exposure zones suggests an aqueous deficiency. No direct studies comparing lissamine green staining 
among various tear film disorders has been done. As mentioned above, however, Kharana et. AI. showed 
that lissamine green staining of dry-eye patients versus controls has been shown to be 87% and 0% 
respectively, while rose bengal staining of the same patients was 8~/o and 0% respectively.25 Lissamine 
green staining is significantly correlated to subjective symptoms of dry-eye, elicited through a 
• • 123 questiOnnaire. 
The most well known use of fluorescein in dry eye assessment is the Tear Break-Up Time (TBUT). 
TBUT measurement is commonly used as; 76 (I) A diagnostic aid in determining deficiencies of the 
mucin or aqueous tear film layers. (2) A useful measurement which shows the efficacy of tear 
replacement products, such as preservative-free tears. The TBUT is defined as the time between a 
complete blink and the appearance of the first randomly distributed corneal dry spot. 65'82 These black 
spots or streaks, with sharp distinctive boarders, develop where the fluorescein layer of the tear film is 
either too thin to be seen, or is absent.76• 79•81 Rose bengal does not spread evenly over the tear film like 
fluorescein; It collects at the lid margins, as well as the medial and lateral canthi, thus it can not be used to 
obtain TBUT values. 76 No studies relating lissamine green to the use ofTBUT were found, however, with 
the current acceptance that it has properties similar to rose bengal, we speculate that it can not be used for 
this purpose either. 30 
The application of fluorescein allows visualization of the pre-corneal tear film (PCTF), showing the 
discontinuity of this film with each blink.65' 76 The components of the PCTF are critical in spreading, and 
maintaining a constant film over the cornea. 3' 74 Several studies have investigated the dynamics of the 
PCTF to provide a clearer view of the clinical significance of the TBUT. 3' 8'9' 76'89 The basis behind 
TBUT involves two classically accepted principles: 
1. The arrangement of the tear film. 
2. The mechanism of tear film disruption. 
The first component, the tear film structure, originally characterized by Wolff, 4 presumably through slit 
lamp observation alone, later elaborated on and confirmed by many, 2•8,9·65•76•80•82 is now challenged by 
Baier & Thomas.80 Wolf describes the PCTF as comprised of an outer lipid layer, middle aqueous layer 
and an inner mucin layer in direct contact with the corneal epithelium. Through direct sampling and 
analysis of tear film, Baier & Thomas80 render data contradicting the arrangement of Wolff's layered 
structure, stating that the outer layer of the PCTF is composed of mucin, while the inner layer, adjacent to 
the cornea is composed of lipids. The second principle, the method of disruption, is currently under 
dispute by Golding et al83 whom question the validity of Holly's lipid diffusion model. Holly contended 
that .... (state what the lipid diffusion model is ... )(find reference), and profess an alternate tear-meniscus 
model hypothesis. (what is the alternate hypothesis and what is its significance?). The lack of a cohesive 
theory concerning both the tear film arrangement and method of disruption of the tears limits the 
interpretation value of the TBUT. 
Even if interpretation of TBUT values were better understood, the issue of reproducibility of the TBUT 
would still be in question. Several authors directly address the reproducibility of the TBUT and have 
found it to vary greatly. 76'77 Norn78 found the average TBUT of normal subjects to be between 25-30 
seconds, however, he noted a high degree of variation in the measurements and thus concluded the TBUT 
was of no clinical interest in practice. Several other sources affirm the variations of normal TBUT 
readings establishing ranges from 15-34 seconds, to 5-100 seconds.65• 76'82 Vanley found individuals to 
have variations of 20 seconds or more from one measurement to the next. 76 An opposing view is 
supported by Lemp's studies showing a low standard of deviation of a normal subject, ranging from 
merely one to six seconds. This data led Lemp to conclude that the TBUT is in deed a closely 
reproducible phenomenon. 73' 82 
Regardless of ones experience with the reproducibility of the TBUT, their exists several factors that have 
been shown to significantly reduce the TBUT in normal eyes. 83 The most significant documented 
decreases are secondary to; (1) the instillation of local anesthetics; ( 2) holding of the lids while 
evaluating the break:-up;65 (3) the chemical composition of fluorescein itself hastening the development 
of the dry spots on the cornea, thus decreasing the TBUT. 65'79'84 The exclusion of anesthesia and lid 
holding are routinely indicated throughout the literature, however, the exact protocol concerning the form 
of fluorescein used; drop or strip, the percentage ofthe fluorescein, the location of instillation, and/or the 
substance with which the strip was wet, are not customarily included.65'76'78'82'84 Several studies employ 
the following protocol: 
1. Slightly moisten fluorescein strip and apply to inferior temporal bulbar conjunctiva. 65• 73•75• 
82,84,85 
2. Have patient blink several times, view with cobalt blue filter and a broad beam. Patient to 
stare straight ahead without blinking. 65• 73•75·82·84•85 
3
· Take measurement with optimal fluorescein concentration; a thin yellow-green appearance of 
the precorneal tear film. 76 
Rengstorff addressed one aspect of this inconsistency with TBUT evaluation by carefully controlling the 
amount of solution used to moisten the strip. He found the results of the TBUT agreed with Lemp's 
earlier study where no stipulations were made concerning the amount of extra solution entering the eye 
and concluded that controlling the drop quantity of fluorescein was unnecessary. 73•81•82 
An area of misinformation pertaining to the TBUT, is the correlation of patient discomfort, to the time of 
actual tear break-up. There is a time lag of about 0 - 2 seconds between the true development of a dry 
spot, and ones ability to detect. 118 Lemp and Hamill' s65 research shows that doctors can not rely on 
subjective complaints such as the need to blink, or the sensation of burning eyes, these factors did not 
show a consistent correlation to the TBUT. This research was later confirmed by Vanley et af6 stressing 
the need for the practitioner to objectively view the cornea, scanning for the first signs of tear film 
disruption. 
Although Nom78 believed women had a shorter TBUT than men, other studies have shown that this may 
not be the case. These studies have shown that other factors such as age, sex, palpebral fissure width, 
ambient humidity, or as previously mentioned, corneal sensation have no effect on the TBUT value. 65 It 
should be noted that such factors such as trichiasis; systemic diseases which affect the tears; lid margin 
tumors; irregularities in the cornea surface, lack of mucin adsorption, etceteras were not taken into 
account in these studies. 76' 108 
Despite the continuing challenges to the tear film model, the TBUT remains, clinically, a popular 
diagnostic tool. Several studies have looked to standardize the TBUT to better delineate the significance 
of a value obtained clinically. A ten-second interval before the first spot appeared, was repeatedly shown 
to be the cut-off for a normal tear film.65'73'79 Values below this are to be considered abnormal and have 
been shown to correlate with mucin-deficient dry eye conditions. 65•73•79 
The TBUT should be viewed as supportive data in the diagnosis of certain eye conditions, however, the 
diagnoses should not be made on the basis of the TBUT alone.73•76'82 A protocol for all eye care providers 
must be established, and a dependable technique is crucial. 73'76'84'65 Factors to address in the 
standardization process include~ fluorescein concentration, form of fluorescein to use, wetting drops for 
strips, and proper administration of the fluorescein, in order to minimize the large test errors. Current 
research is directed toward a non-invasive tear break up test, without the utilization of fluorescein, to 
decrease the number of uncontrolled variable, thereby diminishing the artifactual reduction of the tear 
break up time. 77'84'83 
Combination staining: 
The use of stains in combination has varying results. Early, informal observations by Nom describes the 
use of "double-vital staining with 1% fluorescein and 1% rose bengal to assess the outcome of corneal 
transplantation surgery." He observed rose bengal staining delineating loose sutures and loops while 
fluorescein staining where suture canals were present.21 When used in this manner, Nom noticed an 
increased number of punctate staining. He felt that this was due to not only the high concentration of 
fluorescein in the mix, but also due to the irritation of the rose bengal possibly provoking hole formation 
in the cornea.47 As mentioned above, Tabery reports micropunctate staining with both fluorescein (both 
fluorescent and non-fluorescent components) and rose bengal in the same location in patients with 
keratoconjunctivitis sicca. 17 
Norn30 studied the effective staining when lissamine green and rose bengal are used in combination. 
When the two dyes are mixed together before instillation a blue color predominates. This blue mixture 
preserves the specific staining properties of the two components: the mixture being able to stain a pure red 
or a pure green as well as blue. Nom suggests that the blue stain indicates staining with both dyes with 
the color oflissamine green predominating. When the dyes are instilled successively on the eye, the first 
dye applied shows the most extensive staining. The rates at which the dyes faded once applied where 
noted by Nom to be equal. Begley, however, reports that lissamine green staining washes out of the 
bulbar conjunctiva at a faster rate then rose bengal. 120 When fluorescein, lissamine green and rose bengal 
were prepared in a mixture, Nom noted that fluorescein suppressed the Iissamine green component 
evidence from the mixture gradually turning brown with time. 30 
Antiviral effects: 
Roat et a1,31found no clinically significant inhibition of the herpes simplex virus (HSV-1) by fluorescein. 
If a culture is to be taken on a suspect cornea, this dye can be safely used to evaluate surface changes. In 
contrast, Chodosh et. al. reports on the antiviral effects of rose bengal on in-vitro cells. They found that in 
the absence of rose bengal, human corneal epithelial cells supported the growth ofHSV-1, whereas pre-
treatment with 1. 0% rose bengal prevented any growth of the virus. 27 The toxic effect of Rose Bengal 
occurs primarily through inhibition of DNA polymerase or production of singlet oxygen when exposed to 
light.113' 114 In vitro studies oflissamine green showed that 0.06% solution, when present at the time of 
viral absorption, reduced HSV-1 plaque formation in Vero cells greater then 50%.28 The staining 
characteristics and antiviral properties of lissarnine green and rose bengal on HSV -1 infected corneas in 
vivo were also studied by Chodosh et. al.. They found that lissamine green did not appreciably affect the 
replication of the virus while Rose Bengal exhibited significant antiviral effect. 27 
• THE USE OF FH,TERS 
With fluorescein 
Techniques for assessing fluorescein patterns include: 1. the use of a Burton lamp 2. slit-lamp viewing 
with and without a cobalt filter, and barrier filter. 86•103 Fluorescein has the intrinsic property of 
fluorescence; absorbed light energy is re-emitted as light of a longer wavelength.41 This conversion to 
fluorescent light is at almost 100 percent.39 The use of a Wratten No. 12 or 15 filter is exhaustively 
recorded in the literature. 59'64'98'100 The use of an enhancing filter not only makes it easier for the 
practitioner to see the fluorescence, but assists in the increased accuracy when grading the severity. 59 A 
money saving option, Canary 312, produced by Rosco Manufacturing from extruded polycarbinate 
material, has been suggested as an alternative to the standard Wratten gelatin filters. 86 The transmittance 
curves for both proved to be similar with no statistical difference between enhancing capabilities of either 
of the filters, however, no scientific support of its efficacy was shown, merely objective viewing 
preferences while viewing RGP contact lens fits. The natural fluorescence of the conjunctiva obscures all 
but the most severe staining if an enhancement filter is not utilized. 11'39'51' 59 A filter will enhance the 
emitted fluorescent light by decreasing the scattered incident light, thereby differentiating the dye 
fluorescence from the background fluorescence of the tissue itself.51•57 The barrier filter heightens the 
contrast between areas with stain, and those without. This increased contrast makes it possible to view 
conjunctival lesions with greater precision. 39'51' 59 Positioning of both the enhancing and barrier filter are 
essential. The enhancing, or excitation filter( the blue filter), must be attached directly in front of the 
illumination system; the barrier filter (the yellow filter), must be in front of the optics of the slitlamp. 103 
Most slitlamps will incorporate a cobalt filter, however, a Wratten No. 45, 45A or 47 A, blue filters, can 
be used if the cobalt light is not an option. 59'70•103 Fluorescein absorbs light maximally in the blue end of 
the spectrum(485 to 500nm), this portion of the spectrum corresponds to the band pass characteristics of 
the blue filter. The barrier filter selectively excludes light in spectral regions except the wavelengths 
emitted by the fluorescein, the lower energy light (525 to 530). 59,96 
Excitation, and barrier filters are not routinely indicated for lissamine green or rose bengal viewing. 
These dyes are viewed with normal white light without a barrier filter attached to the slitlamp. If the 
coloration of rose bengal is difficult to see, some authors suggest trying a green light, or excitation filter 
in place of the usual white light viewing condition. 51 
Fluorescein for application tonometry: 
Since the introduction of the Goldmann technique91 , application of fluorescein to the precorneal tear film 
has been the standard for measurement of intraocular pressure(IOP). Two choices when determining what 
technique to use to apply fluorescein; the two step method with separate application of fluorescein and 
anesthetic, or the use of a combination solution. The problem with the two step method, is maintaining a 
consistent amount of fluorescein in the eye. Varying amounts of dye in the tear film, from eye to eye, as 
well as from visit to visit, leads to an inconsistent degree of fluorescence for applanation tonometry, and 
may lead to inconsistent readings.72'90 More reproducible lOP determinations are found with the use of a 
combination drop such as Fluress, due to the increase in stability of fluorescence achieved. 40'72 Holtz87 
lists four characteristics for the ideal fluorescein-anesthetic combination drop for applanation tonometry: 
1. Adequate anesthesia; 2. Good patient comfort; 3. Sufficient fluorescein in the tear film; and 4. A 
guarantee of sterility. Fluress meets all of these requirements. 40'87 Yolton and Gernan72 state that Fluress 
is the diagnostic pharmaceutical agent of choice for applanation tonometry due to its unique ability to 
recover from contamination as well as its ease of use. Kimera2 advocates the use of a topical anesthetic 
followed by the application of a packaged fluorescein strip for applanation tonometry. Reports of 
petforrning applanation without the use of fluorescein are debatable; Weinstock and Smith, both report 
accuracy without the use of fluorescein for applanation tonometry.92'93 This is disputed by Bright et al,68 
who found the average difference between reading with Fluress and that without to be 7.0lmm Hg lower 
without the use of fluorescein. As interocular pressure increased, there was an increase in the difference 
between the two methods, therefore, without the use of fluorescein, the examiner would not only record 
lower readings, but would also find increasing errors in the measurements as the lOP readings increased. 
68 Complete applanation of the 3. 06mm diameter of the tip is crucial in accurate measurement, fluorescein 
is used to enhance the visibility of the crucial area. Without fluorescein, accurate judgement of the sutface 
of applanation is decreased, this error in judgement is squared, resulting in greater differences with 
increasing IOP.68 One study comparing fluress to fluorocaine for comfort and brightness of rings showed 
that fluress was significantly more comfortable and brighter. 54 See section on fluress for more details on 
the generic counterparts. 
• Fluorescein use with contact lenses: 
Although the use of fluorescein when evaluating contact lens fitting is beyond the scope of this paper, we 
feel a few important points are worth mentioning: 
1. The use of fluorescein is not only valuable in the fitting and follow-up contact lenses, 
it is essential. 103 
2. To avoid permanent contact lens staining when utilizing fluorescein dye with ANY 
soft contact lens wearer, the contacts must be removed before instilling the stain, copious rinsing 
of the upper and lower fornices must be done prior to reinsertion. 11 An alternate method, for added 
assurance that the dye is fully clear of all ocular tissues, is to discontinue lens wear is for 2+ hours 
after the use of fluorescein. 44•103 
To avoid staining of soft lenses, Fluorexon (MW 710), a large-molecular fluorescein was introduced by 
Refojo et al58•70in 1972. It is a fluorescein derivative proposed for evaluation of soft contact lens fitting, 
and corneal viewing with soft contacts on the eye. 44 source big cis book pages chaptec 9 Further use of fluorexon is 
with specialty contact lenses such as the hybrid design SoftPerm. In order to adequately assess the tear 
film between the lens and cornea, using fluorexon, one must place the drop in the concave inner surface of 
the lens prior to insertion. 70• 103 All soft lens studies utilizing fluorexon were performed with first 
generation, low water content, contact lenses such as Bausch & Lomb Soflens; no research utilizing the 
latest technology high water content lens is noted. 44•58•70 One important issue with this high molecular 
weight fluorescein is its decreased fluorescence70; many conditions may be missed due to this added 
subtlety. 103 Nom44 felt that by using fluorexon in lieu of fluorescein and rose bengal, one would lose 
indispensable information to corneal assessment. Studies show important difference in the staining 
properties of fluorescein and this high molecular weight derivative44: 
1. The contents of the mucus thread were stained a yellowish orange color by 2% 
fluorexon. The fluorescein dye does not stain the mucus contents; it merely encloses 
the mucus thread and diffuses into the surrounding saline. 
2. Fluorexon showed two different properties, 1) yellow fluorescence upon cobalt-filtered 
light 2) non-fluorescent in cobalt-filtered light and yellow in white light.44 The 
fluorescent component stains in the same capacity as fluorescein, but with much less 
fluorescence. The staining of the non-fluorescent component correspond to rose bengal 
staining. This assuredly makes fluorexon an inferior choice to fluorescein when 
evaluating disease conditions of the cornea and conjunctiva. 44 
This research with fluorexon, in the 1970's, was well before the recent research, 1990's, showing the dual 
staining capacity in fluorescein. 3s'36'61'64 More research is needed to determine the connection between this 
dual capacity of fluorexon, and that of fluorescein itself The use of fluorescein for the fitting of soft 
contact lenses was never heavily utilized by practitioners due to the lack of benefits its use presented. 85 
Refojo' s conjecture that fluorexon could replace fluorescein in contact lens practice has never come into 
favor. 7° Current research utilizing other high weight fluorescein derivatives, with MW of up to 70,000, to 
assess tear exchange around typical disposable soft contact lens while on the eye, is an upcoming area of 
h . t• fl ·99 researc mvo vmg uorescem. 
Fluress: 
Introduced in 1966, this fluorescein and benoxinate hydrochloride combination solution preserved with 
1% chlorobutanol was a great advance in the flexibility, and safety of fluorescein use.63 Because of the 
increased convenience of having the dye and anesthetic in one bottle, this is the method of choice for 
many eye care professionals. 72 In light of the fact that one bottle is used on numerous patients, 
inadvertent contamination may occur, therefore it is packaged in 5cc size to further decrease risk of 
contamination. 40 Several bacterial species have the ability to not only survive in, but to thrive in some 
fluorescein solutions. 1'72 A quick recovery of the sterility of this drop is of utmost importance. Fluress 
recovers from Pseudomonas aeruginosa contamination quicker than fluorescein or benoxinate alone. 72 A 
review of the study originally done by Quickert40 testing the ability ofFluress to recover from 
contaminants is consisely presented by Yolton and German showing Fluress to be bacterialcidal.72 
Fluorescein, benoxinate, and Fluress were tested for the ability to recover from, as well as the speed at 
which recovery was complete, from Staphylococcus aureus and Pseudomonas.72 Unlike any of the others, 
Fluress had no detectable bacteria even at the zero time sample, this agrees with Quickert's40 conclusions 
but with an even quicker bactericidal action. 72 Benoxinate hydrochloride has bacteriostatic properties, 
unlike proparacaine hydrochloride, which is found in the generic anesthetic-fluorescein combinations~ 
Fluorop and Fluoracaine. 63 The pharmaceutical equivalence of these drops does not follow the USFDA 
stipulations, since the chemical makeup ofFluress is different to that ofFluorop or Fluoracaine.63 When 
deciding to use a fluorescein-anesthetic combination drop, one must note the differences between Fluress, 
and its generic counterparts; packaging, anesthetic agent, preservative, vehicle, and ability to regain 
sterility. 63 To be an effective preservative, chlorobutanol must be formulated in an acidic environment~ 
below pH 6. Fluress must have pH of 5 to provide stability for benoxinate hydrochloride, therefore slight 
stinging upon instillation is expected. 40'71 This pH demand, coupled with its ability to permeate through 
polyethylene bottles, is the reason for the use of glass, an impermeable container for storage, and the need 
for precise formulation by the manufacturer.63 Due to its instability in sunlight, the bottle is amber in 
color to assure required light protection is upheld. 11 Povidone is the key element in the combination of 
fluorescein and chlorobutanol. It prevents precipitation of the sodium fluorescein and the benoxinate 
hydrochloride, and prevents inactivation of the fluorescein by forming a complex with chlorobutanol. 
40
•
54
•
87 It also allows for higher than usual concentration of benoxinate, which increases its sterility 
potential. 40•54•87 Use of a combination drop is easier with children since it is one time instillation.40 The 
efficacy of this fluorescein-anesthetic combination's antibacterial properties against invaders such as; 
Pseudomonas aeruginosa, Staphylococcus aereous, and several types of adenovirus, has been studied by 
many.40, 66,72, 88 
Vaughn's work in 195 5 showed that not only could Pseudomonas aeruginosa survive in fluorescein 
solutions, but could even grow in this environment. 90 One must remember that Pseudomonus aeruginosa 
is carried on the hands and resists ordinary soap. 1 
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